A conserved enhancer of the human and murine Hoxa-7 gene specifies the anterior boundary of expression during embryonal development.
The murine homeobox-containing gene Hoxa-7 is expressed in restricted patterns during embryogenesis and plays an important role in the control of region-specific differentiation. Previous studies have shown that separate elements specify lineage restriction and expression boundaries of Hoxa-7. In particular 3.6 kb of 5' flanking sequences were sufficient to establish an anterior boundary of Hoxa-7 gene expression. To identify the minimal regulatory element specifying the anterior boundary of expression, transgenic mice were generated carrying chimeric constructs with deletions of 5' flanking sequences fused to a thymidine kinase minimal promoter/E. coli lacZ reporter construct. By deletion analysis, a 470 bp long control element (AX 470) located 1.6 kb upstream of the transcription start site was identified that directed expression of the beta-galactosidase protein in a pattern reflecting the anterior boundary of expression of the endogenous Hoxa-7 gene. This element was active in either orientation and conferred region-specific expression to unrelated promoters, thereby behaving like an enhancer element. In contrast, transgenic mice carrying further 5' and 3' deletions of the 470 bp long element did not exhibit an anterior boundary of Hoxa-7 expression. Based on these results the minimal control element (AX 470) specifying the anterior boundary of Hox expression was designated as Hoxa-7 enhancer. Furthermore, 3 kb of the human HOXA7 upstream region were sequenced and compared to its mouse homologue in order to identify conserved regions. Sequence comparison revealed motifs that were strongly conserved between both species. The human homologue of the mouse Hoxa-7 enhancer was 70% identical at the nucleotide level and was also capable of directing an anterior boundary in transgenic mice. Using transgenic lines a detailed analysis of the Hoxa-7 enhancer-directed expression during embryogenesis was performed. lacZ expression was first detected in the allantois at day 7.5 p.c. and in mesoderm and ectoderm at day 8.5 of gestation. Between gestational ages E8.5 to E12.5 beta-gal expression was observed in the somites, spinal cord, spinal ganglia and paraxial mesoderm as well as in mesenchymal layers of the kidney. A distinct anterior limit of expression was noted in transgenic lines at level C4 (neural tube) and C5 (spinal ganglia). Our deletion experiments defined a minimal enhancer element specifying the anterior boundary of Hox gene expression in early and late phases of development. Further studies aim at characterizing the trans-acting factors that mediate the spatial and temporal expression of Hox genes in the developing embryo.